Multiple, discrete, nodular foci of cartilaginous metaplasia were found in the spleens and kidneys of rockfishes taken from the northeastern Pacific Ocean during a survey to determine the incidence and the nature of diseases in these animals. These nodules sometimes occurred in association with granulomatous inflammation and distinct granulomas. Many of these fish were infected by Ichythophonus spp. or acid-fact bacteria (presumably Mycobacteria spp.). Some of the metaplastic foci contained encapsulated accumulations of eosinophilic vesicles and basophilic granular debris, described by other authors as ''cysts of unknown etiology,'' which have been observed at different sites in a variety of temperate and tropical fish species.
With the recent decline in population there has been an increased concern about the status of ground fish stocks, particularly rockfishes (Sebastes spp., family Sebastidae), of the Pacific northwest coast of North America. 8 In 1999 and 2000, research scientists from Fisheries and Oceans Canada and the Oregon Department of Fisheries and Wildlife conducted stock surveys of ground fishes. This was an opportunity to conduct thorough postmortem and histologic examinations to characterize the effect of disease on these stocks. 5 Six species of rockfish (S. alutus, S. flavidus, S. reedi, S. pinniger, S. entomelas, S. melanops) and ling cod (Ophiodon elongatus) were examined from the collections taken off the coasts of Oregon, USA, on May 5, 2000, and September 20, 2000, and in Washington, USA, on May 10, 2000, except that S. reedi were not examined in the latter. An additional collection of S. alutus and S. flavidus from the Oregon coast was examined in September 2000. Sebastes flavidus, S. alutus, and S. pinniger were collected from 3 localities off British Columbia, Canada, in the summer of 1999.
Fish collected in the USA were kept on ice for 24-48 hours before sampling, whereas those collected in British Columbia were processed within 2 hours of boarding the ship. Fish were selected randomly from each catch and necropsied, and samples of gills and representative visceral organs were preserved in Davidson's fixative. 4 Tissues for histologic examination were processed using standard techniques. Additional material was postfixed in osmium tetroxide and embedded in epoxy resin for electron microscopy.
As previously reported, 5 the most common lesions in these fishes were multiple prominent foci of granulomatous inflammation and multiple granulomas in the liver, kidney, and spleen. The inflammation was associated with either the pro-tist Ichthyophonus or the colonies of acid-fast bacteria (presumably Mycobacterium spp.).
In addition to the inflammation many fish had discrete, firm, opaque, glistening, off-white nodules, up to 2 mm in diameter, randomly distributed throughout the parenchyma of the kidney and spleen. The nodules were in 5 of the 7 species examined (Table 1) , being most prevalent in S. alutus and S. reedi (15.7% and 14.0%, respectively), and were found in fish taken at all sampling sites. Concurrent granulomatous inflammation and granulomas were found in some fish. Nodules were not observed in the 19 S. entomelas and 36 O. elongates species of fish examined.
Histologically, the nodules were composed of sheets of tightly packed, irregularly rounded polyhedral cells with welldefined cell margins (Figs. 1, 2). Cell diameter ranged from approximately 10 to 30 . The abundant poorly stained and flocculent cytoplasm surrounded 1 or 2 nuclei. Scant amphophilic matrix could be discerned between many cells, and this matrix featured marked metachromatic staining with toluidine blue. At the periphery of the nodules the cells were progressively smaller and flattened. A thin fibrous capsule encircled the nodules, and the adjacent renal and splenic tissue was compressed. Although tending to be distinct from the nodules, there were a few granulomas wherein inflammatory cells and fibroblasts were admixed with clusters of the polyhedral cells ( Fig. 3) . Some of the nodules contained a single cyst-like structure (Fig. 4) , consisting of an irregularly rounded body, bound by a thick eosinophilic envelope surrounding eosinophilic vesicles and basophilic debris. No organisms were observed within any of the nodules, although acid-fast bacilli were seen in some of the nearby granulomas.
Ultrastructurally, the cells within the nodules contained rare and widely scattered mitochondria and modest numbers of glycogen granules. The intercellular space was filled with tangled mats of fibrils, each approximately 300 Å in diameter and lacking axial periodicity (Fig. 5 ). Cell membranes were lined by numerous, small, uniform cytoplasmic micropinocytic vesicles.
The histologic and ultrastructural features of these nodules are compatible with cartilage. As cartilage is not found in the normal piscine kidney and spleen, it would be appropriate to consider this a metaplastic change. Metaplasia is an adaptive response where a differentiated cell is replaced by a cell of a different type. 11 Metaplasia can be secondary to chronic irritation, including inflammation, but can also be idiopathic. The close proximity to foci of granulomatous inflammation and granulomas in some fish suggests that the nodules are a stage in the morphologic progression of these inflammatory foci in rockfish. This is further supported by some granulomas being partially replaced by a developing cartilaginous nodule. Chondroid metaplasia is seen in other species in association with proliferating connective tissues or in tissues undergoing regeneration in the midst of chronic inflammation and scarring. In humans, metaplastic cartilage has been found in kidneys in association with chronic inflammation, indicating that chondroid metaplasia can be a reaction of human renal interstitium to injury. 10 Although no identifiable organisms were found within the nodules, some contained structures similar to those previously described in the ''cysts of unknown etiology'' (CUEs), 6 a name derived from their similarity to parasitic cysts. These cysts contained an enveloping cuticle-like capsule containing eosinophilic vesicles and basophilic granular debris. The CUEs have been found in the gills, liver, and kidney of a variety of marine and freshwater fishes, 6, 7, 9 and although presumed to be remnants of parasites, thorough investigation has thus far failed to associate these structures with known parasites or fungi, nor are they displaced piscine ova. Although their nature and cause remain undetermined, CUEs are sometimes associated with chronic inflammation, again providing a relationship between inflammatory and reactive tissue and the cartilaginous nodules in the current series.
Alternative mechanisms for the formation of metaplastic chondroid nodules in the spleen and kidney were not identified. Cartilaginous proliferation has been associated with metacercarial infections of the gills of several fish species. 2, 10 But the gill lesions arise from the preexisting cartilaginous gill rod and consist of hyperplastic cartilage enveloping the metacercaria of trematodes. In contrast, the renal and the splenic nodules occur at sites devoid of preexisting cartilage, and no metacercaria or other parasites have been found in these tissues. Therefore, although chronic irritation can be responsible for cartilage proliferation in the gills and the visceral cartilaginous nodules, the nature of that cellular response (i.e., hyperplasia vs. metaplasia) differs between sites.
In other animals the cartilage is rarely found in nonneoplastic conditions of the kidney. 12 Cartilage formation has been considered as indisputable evidence of renal dysplasia in humans 1 and is observed in other animals with renal dysplasia as well. 3 But the kidneys of these fish lacked any histologic evidence of renal dysplasia, such as undifferentiated mesenchyme, immature glomeruli, or abnormal or primitive tubules and ducts. Furthermore, the cartilage proliferation was not confined to the kidney in these fish.
The high prevalence of the nodules, simultaneously, in multiple organs of unrelated fish of different species makes a diagnosis of multiple chondromas unlikely. Foci of cartilaginous metaplasia have been found in some human carcinomas, 13 but none of the affected fish examined in this study had any gross or histologic evidence of primary neoplastic disease.
In conclusion, nodular visceral cartilaginous metaplasia is a common lesion in the spleen and the kidney of some rockfish species of the eastern North Pacific Ocean. These nodules are associated with chronic inflammation and granulomas in these tissues. The nodules sometimes contain the enigmatic CUE.
